The Jurassic (201 Ma) quartz-normative continental tholeiitic basalts of the North Mountain Basalt (NMB) Formation of southern Nova Scotia, Canada, record evidence of pervasive silicate-liquid immiscibility. The basalts, up to 400 m thick, typically with phenocrysts of plagioclase ) and clinopyroxene (Wo 40 En 40 Fs 20 ), are subdivided into lower, middle, and upper units on the basis of the nature of the flows and petrographic features. Petrographic observations combined with image analysis indicate that the middle and upper units are characterized by an abundance of mesostasis material (i.e., quenched residual melt) that contains skeletal clinopyroxene, acicular plagioclase, skeletal Fe-Ti oxides, Fe-Ti-P-rich globules, and andesitic to rhyolitic glass. Raster analysis of the mesostasis tracks an in situ fractionation that culminated in formation of an interstitial felsic glass (i.e., 74 wt.% SiO 2 ) that contains skeletal apatite and Fe-rich clinopyroxene. The composition of the skeletal clinopyroxene, ca. Wo 20 En 15 Fs 65 , acicular plagioclase (An 35-55 , ≤2.5 wt.% FeO), Fe-Ti-P-rich globules, and intergranular glass of the mesostasis are consistent with formation from an interstitial melt that evolved in a disequilibrium environment promoted by rapid cooling of the lavas. The mineralogical and chemical features are consistent with the process of silicate-liquid immiscibility within the residual liquids of basaltic systems, in this case late-stage intergranular melts. The presence within the NMB of (1) Fe-rich clinopyroxene-bearing mafic pegmatite, (2) thin (i.e., 1-2 cm) seams of rhyolite associated with the mafic pegmatites, and (3) locally abundant segregation pipes of mixed mafic-felsic composition, is considered to reflect mobilization of the Fe-and silica-rich immiscible melts. (1-2 cm) de rhyolite associés aux pegmatites mafiques, et (3) de pipes de ségrégation localement abondantes de compositions mafique-felsique mixtes, résulterait de la mobilisation des liquides immiscibles, l'un riche en fer, l'autre riche en silice.
(1-2 cm) de rhyolite associés aux pegmatites mafiques, et (3) de pipes de ségrégation localement abondantes de compositions mafique-felsique mixtes, résulterait de la mobilisation des liquides immiscibles, l'un riche en fer, l'autre riche en silice.
(Traduit par la Rédaction)
Mots-clés: basaltes de North Mountain, tholéiites, immiscibilité, Baie de Fundy, Nouvelle-Ecosse. parts of western Europe, Africa and South America on the basis of similarities in geochronology and magma composition (summary in Marzoli et al. 1999) and is now referred to as the Central Atlantic Igneous Province (CAMP). The estimated original extent of CAMP volcanism is 4.5 ϫ 10 6 km 2 . Given the similar nature of these continental tholeiites, it is, therefore, important to note that features documented within the NMB may well exist within the entire CAMP basalts.
The NMB flows overlie red, fluvial-lacustrine sediments of the Upper Triassic to Lower Jurassic Blomidon Formation, and are overlain by red, fluvial-lacustrine sediments of the Jurassic Scots Bay and McCoy Brook formations. The stratigraphic framework and setting of these bounding sedimentary formations are well documented (Olsen 1988 , Olsen et al. 1987 , hence, so is the general setting at the time of eruption of the subaerial tholeiites of the NMB. Between these sedimentary formations, the intervening NMB flows are subdivided into three broad members, informally referred to as lower, middle, and upper, based on the nature and thickness of the flows (Stevens 1980 , Mallinson 1986 , Papezik et al. 1988 , Greenough et al. 1989 .
The lower member is a single massive flow interpreted to have been ponded with a maximum thickness of 185 m in the Digby area (Lollis 1959 , Papezik et al. 1988 . This flow, nearly continuously exposed in the field and observed in drill core, is characterized by its homogeneous texture, color, and structure. The flow is dark grey-green, and has well-developed columnar jointing (<1-2 m) and local entablature structure. Bands (several 10s of cm thick) of mafic pegmatite occur in the upper part of this unit near Digby and McKay Head ( Fig. 1 ; Lollis 1959 , Greenough & Dostal 1992a . The top of the lower flow is marked by a 2-to 3-m-thick amygdaloidal zone.
The overlying middle member consists of several (≤14) thin (i.e., ≤14 m) flows, which may be continuous over several km and have features typical of pahoehoe flows. The flows are chilled at the top and bottom (4-to 6-cm-thick zones) and are vesicular. The following zonations typical of continental tholeiites (e.g., Aubele et al. 1988) occur in the middle member of the NMB (Kontak 2000) : (i) basal pipe vesicles, (ii) intermediate vesicle cylinders, (iii) a net-textured zone, and (iv) a frothy top. The vesicles have been filled with a variety of zeolites, whose nature and origin have recently been discussed in detail by Pe-Piper (2001) . The textures of the middle flows are variable owing to their relative thinness and highly vesiculated nature. Fresh
INTRODUCTION
The present study focuses on the late-stage crystallization history of the Jurassic (201 Ma; Hodych & Dunning 1992) North Mountain Basalt (NMB) of the Fundy Basin of southern Nova Scotia, a sequence generally known for its abundant and varied zeolites (Colwell 1980 , Pe-Piper 2001 . Within these quartz-normative continental tholeiites, petrological evidence, both textural and chemical in nature, suggests that liquid-liquid unmixing occurred late in the crystallization history of the basaltic rocks. In addition, vesicle or segregation pipes (also called diktytaxitic pipes; Anderson et al. 1984 , Goff 1996 , mafic pegmatites, and rhyolite bands (Greenough & Dostal 1992a , b, DeWolfe et al. 2001 in the NMB are considered to be products of the same immiscibility process (Kontak & Dostal 2002 ). Herein we document that immiscible Fe-Ti-P-and Si-rich liquids conforming to those compositions predicted by Philpotts (1982) to occur within quartz-normative continental tholeiites are well preserved within the NMB. Although this is not the first petrological study of the NMB (e.g., Mallinson 1986 , Papezik et al. 1988 , Greenough et al. 1989 , Greenough & Dostal 1992a , it is the first detailed petrographic study focusing on the nature of the matrix material, in particular the mesostasis within which the textural and chemical evidence of immiscibility occurs.
GEOLOGICAL SETTING AND NATURE OF THE NORTH MOUNTAIN BASALT
The North Mountain Basalt (NMB) crops out as a thick (300 to 470 m; Stevens 1980 , Mallinson 1986 , Papezik et al. 1988 ) sequence of basaltic flows forming a northeast-to southwest-trending cuesta of approximately 200 km along the southeastern margin of the Fundy Basin of Maritime Canada in southern Nova Scotia (Fig. 1) . Lesser amounts of correlative rocks occur along the northern margin of this basin and also as islands within the Bay of Fundy (e.g., Isle Haute, Grand Manan; Greenough et al. 1989) . The NMB constitutes the northernmost extent of a large igneous province or LIP, formally referred to as the Eastern North America LIP. Detailed stratigraphic, paleontological, geochronological and geophysical work within the correlative Newark Basin indicates that eruption occurred at 200 Ma and terminated within 0.5 Ma. The extent of this LIP, related to the opening of the central Atlantic Ocean, is impressive. It has recently been extended to cover samples have a dark grey-green to black color, a low phenocryst content, are generally fine-grained, and have a considerable proportion of glass (30-40%),which contrasts with the lower and upper members.
The upper member, with a maximum thickness of 154 m (Lollis 1959) in the western end of the exposed NMB, is best sampled on Long Island (Lollis 1959 , Mallinson 1986 , our studies). In most places, this member consists of a single massive and columnar-jointed flow, with the entablature restricted to the lower part (Mallinson 1986 ), but in some places (e.g., Freeport), there are clear breaks in the colonade pattern, suggesting that more than one flow may be present (our studies). In outcrop, the basalt is dark grey-green, contains ≤30% dark green to black irregular blebs and has a variable content of phenocrysts (≤30%).
The age of the NMB is constrained by a U/Pb zircon age of 202 ± 1 Ma (Hodych & Dunning 1992 ) for a pegmatite sampled from the lower member near Digby. A whole-rock 40 Ar/ 39 Ar age of 201 ± 2 Ma, also for a sample from the basal flow near Digby (unpubl. data of Kontak) , is concordant with the zircon age, indicating, therefore, rapid crystallization and cooling of the basalt to below 300°C (McDougall & Harrison 1988) . A similar conclusion is inferred from paleontological evidence, suggesting that the NMB formed in less than 580,000 years (Olsen et al. 1998) .
PETROGRAPHY OF THE NORTH MOUNTAIN BASALT
The petrographic features of the NMB strongly correlate with stratigraphic position of the samples and the degree of crystallization within the flows. The lower and upper flows are similar, with the exceptions noted below. These basalt flows are dominantly holocrystalline with subhedral to euhedral clinopyroxene and plagioclase (Fig. 2a) , subhedral to anhedral opaque grains, and rare orthopyroxene. Rarely, both plagioclase and clinopyroxene may contain melt inclusions, either zonally arranged or along healed fracture-planes. Plagioclase shows normal and oscillatory zoning with an absence of corrosion features or sieve textures. As the character of the opaque phase is relevant to the origin of liquid immiscibility (Philpotts 1982) , we note in particular the coarse grain-size of this phase, its absence as inclusions in the silicate phases, and its subhedral to anhedral shape. Although the lower and upper flows are massive and mostly nonvesicular, the upper flow contains the following features not present in the lower flow: (1) mesostasis (30%, Figs. 2b, c) with various textures (see below), including interstitial glass, and (2) a late-stage glass (Fig. 2d) or granophyre with an acicular apatite-group mineral.
The middle flow units contrast markedly with the lower and upper flows in two ways, the texture of the crystallized phases and the abundance and nature of the mesostasis. With respect to the crystallized phases, they vary from coarse to fine grained, equant to trachytic; there is a variable amount of phenocrystic phases, with rare glomerocrysts of plagioclase-pyroxene. These aforementioned features can generally be related to position within the thin flows, with coarser features within the interior. We list here variable features of the mesostasis, accounting for ≤50% of the volcanic Figure 3 (a to e). In addition, the percentage of glass interstitial to the skeletal phases and its texture in this mesostasis vary considerably. (3) Uniform red-brown (Figs. 2e, f) and green ( Fig. 2g) glass are rare, but where present, it generally amounts to 10-30%. The outline of the glass is defined by the bounding euhedra of plagioclase and pyroxene grains. Rare inclusions of skeletal "apatite" occur within the glass. Notably, there is no oxide phase in the glass. These aforementioned textural features are important, as they clearly indicate that this material represents a melt. In addition, the rim of the glass phase is in some cases outlined by a thin layer of quartz.
The mesostasis of the middle flow units, of irregular shape and filling interstitial space in partially crystallized basalt (Fig. 3a) , is texturally the most variable feature within the NMB. In plane light, we note the following features. (1) Flamboyant, skeletal textures are defined by either clinopyroxene or plagioclase (Fig. 3b,  j) . (2) Skeletal to dendritic opaque phases have a highly variable grain-size and abundance (Figs. 3c, d, e) . The abundance of the opaque phases is one of the best indicators of the variable Fe content of the residual liquid (Philpotts 1982) . (3) There are variable amounts of interstitial glass (Figs. 3d, (Figs. 3g, h, i ), referred to herein as globules, that are characterized by variable reflectivity owing to variable amounts of silicate and oxide phases (discussed below). These phases, commonly either attached to or proximal to the skeletal pyroxene or plagioclase, are similar to the immiscible, metal-rich spheres illustrated in Philpotts (1982) .
SAMPLE SELECTION AND ANALYTICAL TECHNIQUE
Samples of NMB were prepared for standard study of polished section and electron-microprobe analysis. Mineral compositions were established, and a detailed mineralogical study using back-scattered electron and secondary-electron imaging (BSE and SEI, respectively) was done at Dalhousie University, Halifax, Nova Scotia, using a JEOL 733 Superprobe with the following operating conditions: 1-3 m beam, 15 kV accelerating voltage, 5 nA beam current, and 40 s counting time. Data reduction was carried out with the ZAF software. In addition to point analysis, rastering of mesostasis areas was also done at various scales in order to get bulk compositions using similar procedures, as recently discussed by De Jong & Owen (1999) .
ANALYTICAL RESULTS
The features of the samples revealed from image analysis are first summarized. This work was integral to the selection and interpretation of the various chemical data. The chemical composition of phases discussed below refer, respectively, to the coarser-grained part of the samples and to the finer-grained, quenched part, which is interpreted to represent a residual melt (cf. Fig. 2c ).
Image analysis of selected samples
Selected samples were examined using both SEI and BSE facilities on the electron microprobe, and the following observations were noted.
1. The abundant quench-induced textures are dominated by skeletal oxides and clinopyroxene, with less common acicular plagioclase (Figs. 4a, c, d, e) . The intervening material is either glass, altered glass (Figs. 4d, f) or variably crystallized material, including an intergrowth of quartz and feldspar ( Fig. 4b ) and finegrained crystallized material not resolvable with the electron microprobe (Fig. 4k ). 2. A narrow, Fe-rich overgrowth of clinopyroxene covers earlier, Mg-rich clinopyroxene where it is in contact with the mesostasis (Fig. 4a) .
3. A sodic overgrowth on plagioclase is present where it borders the mesostasis (Fig. 4b) . In contrast to the texture of the pyroxene overgrowth, the sodic feldspar continues into and is intergrown with mesostasis material; consequently, the overgrowth has a ragged texture.
4. The felsic glass, represented by greenish and redbrown material in transmitted light (Fig. 4j) , has a homogeneous texture. Rarely, the glass is dominated by a very fine-grained and delicate patterns of fibers (≤1-2 m width, Fig. 4k ), producing a hair-like texture. The finegrained nature of this material precluded a determination of its mineralogical and compositional nature. Disseminated within some of the felsic glass are skeletal "apatite" and a pyroxene (Figs. 4j, l) . Some of the felsic glass is altered to an unresolved intergrowth of fine-grained phases (Fig. 4l) . 5. A phase with negative relief in SEI is considered to be a residual melt (Fig. 4h) , now altered to an undetermined secondary phase (discussed below). This material commonly displays a regular pattern of cracks that possibly relate to dehydration (Figs. 4f, l) .
6. Disseminated spheres of mixed silicate-oxide character (Figs. 4a, f, g, h) are highly variable in texture and composition but, in general, tend to assume the morphology of pyroxene crystals where dominated by a silicate composition (i.e., Fe-rich pyroxene; Figs. 4h, i), and a spherical morphology where of oxide composition (Figs. 4a, h ). The spheres tend to occur in clusters and are preferentially attached to plagioclase grains, a feature also noted by Philpotts (1982) . The spheres are also present within the felsic glass characterized by the fine-grained fiber texture (Fig. 4k) .
Composition of the matrix
The host to the mesostasis-rich middle flow units is zeolite-bearing basalt; therefore, whole-rock compositions of such material are suspect because of potential elemental gains and losses associated with zeolite formation (Pe-Piper et al. 1992 , Kontak 2000 . In order to estimate the primary composition of the middle flow units of the NMB, raster analyses of matrix material collected away from both mesostasis and zeolite-occluded amygdules were obtained. The compositions are comparable to whole-rock data for fresh NMB (Fig. 5a) ; representative results are given in Table 1 . The matrix compositions define a tight cluster except for three cases that tend toward the silica apex of the diagram, probably reflecting a felsic component in the matrix (see below). The results of the raster and whole-rock analyses generally overlap, although there is a clear trend of the matrix data away from the wholerock data, indicating in situ fractionation on the microscale. This fractionation trend is also suggested by other data to be discussed below.
Composition of mesostasis
Two distinct types of mesostases (herein distinguished from the matrix as being finer-grained and representing the residual melt that last crystallized) were analyzed, the more abundant being a quenched, residual basaltic melt (e.g., Figs. 2b, c) and a less abundant intergranular melt (Figs. 2e, f, 4c, j) . In addition, both raster and point (10-40 m) analyses were made, and the data are summarized in a triangular plot in Figure 5 , with representative compositions given in Table 1 . We note that there is an overlap of the mesostasis composition with the matrix data (Figs. 5b, c) , albeit with greater variation and more data trending toward silica-rich compositions. In general, there is a large range of compositions, reflecting variations in the dominant mineral components, namely plagioclase, pyroxene, alkali feldspar and quartz, which relate to variable degrees of crystallization of the liquids. In the triangular plots, there is a distinct progression of the data toward the silica apex of the diagram, which reflects the development within the mesostasis of a silica-rich glass (i.e., 75 wt.% SiO 2 ).
Other important aspects of these data are summarized as follows: (1) The range in silica (mostly 48-75 wt.% SiO 2 ) spans basaltic to rhyolitic compositions. Many of these data points pertain to a uniform intergranular phase interpreted to represent quenched glass. The large variation in the compositions of this residual glass reflects variable amount of in situ fractionation that occurred prior to quenching. (2) There is a group of data points specifically related to the greenish areas of irregular to regular shape (Fig. 2l, Table 1 , anal. ZL-99-06b), with enrichment of K (i.e., 10 wt.% K 2 O). This type of mesostasis is considered to represent hydrolytically al- 
Compositions of the minerals
The mineral phases analyzed include phenocrystic and matrix phases. The phases are discussed together, but because of their petrogenetic importance, the mineral data are plotted separately. Pyroxene compositions (Table 2) are plotted in the pyroxene quadrilateral, where they are compared to the field for pyroxene from NMB and the Skaergaard crystallization trend (Fig. 6) . The coarse pyroxene phases, occurring as phenocryst and matrix grains, correspond to augite and pigeonite with a distinct Fe-enrichment from core to rim that is commensurate with an enrichment in titanium (to 3 wt.% TiO 2 ; Fig. 7c ). The most magnesian (i.e., primitive) composition of these pyroxenes is En 52 Wo 37 Fs 11 , whereas the most evolved composition is En 15 Wo 35 Fs 50 . The chemical evolution of the augite is matched by a similar, parallel trend for pigeonite (Figs. 6, 7a, b) . The most Fe-enriched pyroxene in the matrix occurs in contact with mesostasis material (Fig. 4a) . The mesostasis pyroxene, dominated by skeletal augite with rare pigeonite, shows a chemical evolution similar to that of the coarser pyroxene, but with more extreme enrichment in Fe (i.e., En 8 Wo 22 Fs 70 ), Ti, and P (Figs. 6, 7) . The enrichment in titanium (to 6 wt.% TiO 2 ) is not uncommon for terrestrial pyroxene (e.g., Robinson 1980 ), but the elevated phosphorus (to 1.6 wt.% P 2 O 5 ) is unusual, such that this element is completely excluded from general reviews of pyroxene chemistry (e.g., Robinson 1980) . The elevated phosphorus contents occur in mesostasis pyroxene and are correlated with higher Ti contents, but there is no apparent enrichment in Ca, as might be suspected if inclusions of apatite had been encountered. Thus, the origin and nature of the elevated phosphorus in some of the pyroxene remain equivocal. With respect to Mn, there is a consistent trend for all the pyroxenes, both matrix and mesostasis, in the MnO versus FeO binary plot (Fig. 7e) . Plagioclase as a phenocryst and matrix phase shows a distinct zonation from core to rim, An 75-50 and An 70-40 , respectively (Fig. 8, Table 3) ; the overlap in composition is consistent with the oscillatory zoning observed in these grains. The most sodic compositions occur for matrix plagioclase against mesostasis, where overgrowths are of An 10-2 composition. Plagioclase in mesostasis surrounded by granophyre is unzoned and consistently of An 50 composition, whereas the plagioclase intergrown with granophyre is sodic (An 10 ). The mesostasis plagioclase, occurring as microlites of variable texture, ranges from An 48 to An 31 in composition, with slightly more potassium than matrix plagioclase (Fig. 8) . In addition, the mesostasis plagioclase of skeletal habit is characterized by significant amounts of Fe, with a maximum of 2.5 wt.% FeO, in contrast to ≤0.5 wt.% for most plagioclase in NMB. There is a negative correlation between Ca and Fe in such Fe-rich plagioclase.
The nature and composition of the alkali feldspar (Table 3) The opaque phase in the NMB is dominantly homogeneous in BSE imaging, but oriented Fe-rich exsolution lamellae do occur within the Fe-Ti oxide host. The range in compositions is summarized in Figure 9 , where it is apparent that the homogeneous phase encompasses a large compositional range from ca. 45 to 65 wt.% FeO (i.e., ilmenite to ulvöspinel), with more Fe-rich compositions relating to exsolution lamellae. The coarse, equant grains of the matrix are both of ilmenite and ulvöspinel, whereas the skeletal grains are of ulvöspinel composition only. Although dominated by Fe and Ti, the oxide phases do contain minor Al and Mn. The low totals (i.e., Fe + Ti) for the skeletal grains relate to interference with the surrounding mesostasis, resulting in dilution of the major-element components of the oxide phase.
The globular phase in the mesostasis (i.e., Fig. 4g ) varies from being homogeneous to heterogeneous, with variation in SiO 2 , FeO, CaO, MgO, TiO 2 , and P 2 O 5 (Fig. 10, Table 4 ). In terms of the nature of the globules, three separate groupings, clearly recognized in BSE imaging (Figs. 4g, h, i ), are noted: (1) an Fe-rich pyroxene-like phase of equant shape (Table 5) ; this phase is plotted separately in Figure 10 where it is compared to a typical composition of a Fe-rich pyroxene in the mesostasis in order to emphasize the pyroxene-like composition of this phase, (2) a silica-rich part of the globules, and (3) an Fe-rich part of the globule and homogeneous Fe-rich globules. Where Fe-and Si-rich phases are together in the same globule, unmixing of an original homogeneous phase seems to have occurred. In terms of composition, there appears to be a continuum among the three groups, but note that some of this may be an artifact of interference during analysis, given the size of the globules. Of particular note with respect to the composition of the globules is the enrichment in phosphorus in the silica-rich phase.
DISCUSSION
Liquid immiscibility has long been proposed as a significant petrological process in both igneous differentiation and magmatic ore formation. In fact, Philpotts (1982) noted that "...immiscible liquids are present in sufficient amounts in so many volcanic rocks that immiscibility should be considered a viable means of differentiation during late stages of fractionation of common magmas". The role of liquid immiscibility is considered relevant in the formation of a variety of igneous rock-types, including ocean-floor plagiogranites (Dixon & Rutherford 1979) , alkaline suites (Philpotts & Hodgson 1968 , Eby 1979 , Freestone 1978 , Kendrick & Edmond 1981 and the late-stage differentiation of tholeiitic basalts (De 1974 , Philpotts 1976 ,1982 , Biggar 1979 . Also significant is the fact that liquid immiscibility has been documented both within terrestrial (Philpotts 1978) and lunar samples (Roedder & Weiblen 1971 , Roedder 1978 , Joliff et al. 1999 , Shearer et al. 2001 , and shown to occur in rocks of Archean (Coltorti et al. 1987 , Gélinas et al. 1976 to recent (Philpotts 1978 (Philpotts , 1982 age. Thus, this process is apparently relevant throughout geological time and in many magmatic environments. Also, experimental work indicates that such textures related to immiscibility can showing compositions of pyroxenes in samples of North Mountain Basalt; pyroxene nomenclature after Morimoto (1989) . Coarse refers to pyroxene as phenocrysts or part of the matrix, whereas mesostasis refers to pyroxene within the quenched residual melt part of the basalt now represented by mesostasis. Skaergaard trend from Brown (1957) and Brown & Vincent (1963) , and field for NMB pyroxenes from Greenough & Dostal (1992c) .
form an equilibrium assemblage (Philpotts 1978 , Visser & Koster van Groos 1979 rather than as a result of metastability (e.g., Biggar 1979) . The role of immiscibility has also been emphasized in terms of some types of ore deposits. For example, the formation of Fe-Ti-P-rich segregations due to late-stage immiscibility (Philpotts 1967 , Kolker 1982 has been suggested in connection with the Kiruna deposits (Frietsch 1978 , Nyström & Henríquez 1994 and the large magnetite flows of the El Laco region of northern Chile (Park 1961 , Frutos et al. 1990 , Nyström & Henríquez 1994 , although this claim is not without considerable contention (e.g., Bookstrom 1995 , Rhodes & Oreskes 1999 , Rhodes et al. 1999 , Naslund et al. 2002 . Intrusive equivalents of the aforementioned include Fe-Ti-P mineralization, also known as nelsonites, in a variety of layered intrusions, including the Duluth Complex (Ripley et al. 1998) , the Soquem Sept-Iles deposit, Quebec (McCann et al. 1998) , anorthosite massifs (Owens & Dymek 1992 , McLelland et al. 1994 , and the Bushveld Complex (Scoon & Mitchell 1994) .
The results of the present study of the Jurassic NMB of southern Nova Scotia indicate widespread development of liquid immiscibility. In the following sections, we discuss the petrological evidence, both textural and chemical, presented above in the context of immiscibility and also discuss the implications of this immiscibility in terms of some features of the NMB.
Textural evidence for immiscibility
The definitive evidence for liquid immiscibility is the presence of two chemically distinct glasses forming globules within each other in silicate systems. Philpotts (1982) presented an authoritative summary of such criteria, as applied to basaltic rocks of various ages and settings. The Fe-Ti-P-rich globules within and in part coexisting with a felsic glass, which may be variably crystallized, so abundantly observed within the flows of the NMB, are similar to phases described by Philpotts (1982) and attributed to immiscibility. We propose the same origin for the globules and felsic glass of the NMB. Supporting this interpretation is the presence of abundant skeletal opaque grains in the mesostasis, and the absence of early-formed equant opaque minerals within the coarser, earlier-crystallized part of the sample. These textural observations point to an essential condition for immiscibility to take place, according to Philpotts (1982) : the residual liquid evolved toward an Fe-rich composition, which could only occur if Fe-rich oxide phases remained soluble in the melt. In addition, Philpotts (1982) noted that "the most striking petrological feature of rocks exhibiting immiscibility is the morphology of the constituent magnetite" (p. 206), and "...no rock with magnetite phenocrysts has yet been found to contain immiscible glasses" (p. 206).
Compositional evidence for immiscibility
The composition of the relevant phases of the NMB, as determined from rastering and point analyses, is summarized in Figure 12 , proposed by Philpotts (1982) , which also includes the fields for the average NMB based on whole-rock compositions, the field for tholeiites with immiscible textures, and Roedder's (1951) immiscibility field for tholeiites. The following points are noted: (1) there is a distinct trend defined by the composition of the mesostasis toward the silica apex of the diagram from the field for NMB. In addition, mesostasis compositions fall within and about the field for immiscibility; (2) the compositions of the felsic glass define a distinct field. In fact, the composition of this felsic liquid is almost identical to the average of 16 immiscible silica-rich liquids given by Philpotts (1982) ; (3) the subhedral, pyroxene-like phase in the mesostasis falls at the edge of or slightly within the immiscibility field (cf . Figs. 11, 12) , and (4) the globules form a complete compositional spectrum from the edge of the immiscibility field to the Fe-Ti-Ca-P apex of the diagram. The dispersion of data within and about the immiscibility field may relate to a few processes. Firstly, as noted by Philpotts (1982) , the displacement of the compositions from the immiscibility fields may be due to a lower temperature of equilibration (<1000°C) compared to that in the synthetic system (1100°C) on which the field is based (Roedder 1951) . Secondly, additional components, such as P and Ti, present in significant quantities in the mesostasis, expand the immiscibility field (Freestone 1978 , Visser & Koster van Groos 1979 . Finally, the mesostasis data track the evolution of the residual melt, which did not all undergo silicate-liquid immiscibility.
The composition of the various phases summarized in Figure 12 clearly conforms to what Philpotts (1982) has demonstrated is the result of silicate-liquid immiscibility. The data for the NMB appear to illustrate the chemical evolution of the mesostasis as it evolved toward a silica-rich liquid, which subsequently unmixed when the bulk composition of the residual liquid intersected the immiscibility field. The Fe-rich component is best represented by the pyroxene-like phase, which is compositionally similar to the hedenbergite that crystallized from the Fe-rich glass identified by Philpotts (1982) . On the basis of petrographic observations and chemical analysis of the mixed globules, we suggest that various amounts of subsolidus re-equilibration or unmixing have affected this pyroxene-like phase during the subsolidus cooling history of the basalts. The fact that they cooled quickly, as indicated by the abundance of various quench textures, is consistent with the texture of this phase, i.e., the unmixing process was arrested prior to completion. A model for the textural evolution of this phase is shown in Figure 13 .
The presence of a skeletal apatite-group mineral in the silica-rich glass and the presence of 0.3 wt.% P 2 O 5 in this glass are worth noting, given that Philpotts (1982) found that P is the most strongly partitioned of the elements into the mafic liquid. It is possible that the observed enrichment of P in the NMB silica-rich liquid, therefore, reflects rapid quenching of the melt and is a disequilibrium feature.
Nature and origin of the mesostasis textures
The variability in the textures and proportion of phases observed (crystals, glass, globules) in the mesostasis are considered to reflect the combined effects of the composition of the liquid at the time of quenching and the cooling rate. In the first case, the bulk composition of the mesostasis would be expected to differ after, for example, 60 and 80% crystallization of the basalt magma, hence, the mineralogy of the residual intergranular material would also reflect this. This variable is in fact illustrated by the range in the chemical composition of the mesostasis (Fig. 5) , with the trend toward more silica-rich compositions tracking this progression. The second variable, cooling rate, is reflected in the variety of quench textures observed. Together, therefore, there should be a general association of mesostasis texture and bulk composition and, in fact, to a certain degree this is what one observes. For example, the best development of the mafic globules is found where there is a relative abundance of felsic glass in the mesostasis. This observation is, in fact, both consistent with and predicted by the phase diagram shown as Figure 12 .
Cooling rate also is considered an important factor in formation of the immiscibility, as the relatively coarser-grained holocrystalline basalts do not contain either the felsic glass or the Fe-Ti-Ca-P-rich globules. The rapid quenching of the residual liquid would have caused rapid, disequilibrium-induced nucleation of the silicate phases, which would have driven the final liquid toward the immiscibility field. Cooling rate also was a critical factor in determining the nature of the textures formed in the mesostasis.
Implications of immiscibility in the North Mountain Basalt
We address this issue in more detail in subsequent papers in preparation, but it is nevertheless relevant to briefly refer to some obvious features in the NMB that relate to immiscibility. The first of these features is the presence of mafic pegmatites, locally pyroxenites, occurring as <1 m sills in the upper part of the massive basalts of the lower and upper units of the NMB. The pyroxene in these rocks is Fe-rich (Greenough & Dostal 1992b, c; our data) and compositionally similar to the skeletal pyroxene in the mesostasis and the pyroxenelike phase originating from post-crystallization equilibration of the mafic globules [i.e., it correspond to the Fe-rich glass of Philpotts (1982) ]. Thus, we suggest that the pyroxenite sills may originated from extraction of a residual Fe-rich melt from within the flows. The occurrence of such features is of particular importance; Philpotts (1982) noted that rocks with the composition of iron-rich pyroxenite are rare, a feature that he attributed to the high specific gravity of such melts and, therefore, their tendency to sink. In the same vein, we also note the reported presence of layers of Fe-Ti oxides many meters thick in the lower part of the basal flow within a deep well drilled within the Bay of Fundy (i.e., Chinampas well, D. Brown, pers. commun, 2001 ). This occurrence also supports the extraction of the Fe-rich melts to form distinct horizons. Is it possible that these concentrations are analogous to Kiruna Fe-Ti-P mineralization?
The second feature worth noting is the presence of thin (i.e., cm scale) bands of rhyolite associated with the mafic pegmatites and pyroxenites, again in the upper parts of the lower and upper flow units (Lollis 1959 , Greenough & Dostal 1992b , c, DeWolfe et al. 2001 . Such bands may represent extracted felsic melt, which elsewhere is preserved today as silica-rich glass within the mesostasis of the basalt. The close association with the mafic pegmatites suggests a genetic association also. The third feature is the presence of igneous pipes, also referred to in the literature as diktytaxitic pipes (Anderson et al. 1984) or segregation vesicles (Smith 1967 , Anderson et al. 1984 . These circular, elongate features occur within the lower part of the upper flow unit and are locally very abundant (5-10/m 2 ). Work in progress indicates that the pipes are dominated by a felsic matrix with a granophyric texture containing corroded micro-scale, Fe-rich pyroxene-bearing mafic enclaves, thus reflecting commingling of the mafic and felsic end-members of the immiscible melts within the basalts (Kontak & Dostal 2002) . As interpreted by others (e.g., Smith 1967 , Anderson et al. 1984 , Goff 1996 , these pipes represent late-stage extraction of evolved, residual magma from the basalt magma, with subsequent migration into early-formed vesicles, perhaps formed owing to concomitant loss of volatiles from the crystallizing magma. Crosses represent the pyroxene-like phase, whereas the triangles represent the brighter, Fe-Ti-P-rich phase of the globules. The circle is a representative Fe-rich pyroxene in the mesostasis that is plotted for comparison to the pyroxene-like phases. Philpotts (1982) . Shown for comparison are: (1) fields for the Fe-rich and silica-rich glasses analyzed by Philpotts (1982) , (2) the field for tholeiitic rocks with evidence for silicate-liquid immiscibility [from Philpotts (1982) ], which would include the field for whole-rock compositions of North Mountain Basalt samples, and (3) the immiscibility field in the system fayalite -leucite -silica (Roedder 1951) .
CONCLUSIONS
A detailed petrological study of the ca. 201 Ma North Mountain Basalt, southern Nova Scotia, has revealed that pervasive silicate-liquid immiscibility occurred during the late-stage crystallization of these quartz-normative continental tholeiitic basalts. The immiscibility occurs within a quenched mesostasis containing skeletal pyroxenes, feldspar, and Fe-Ti oxides hosted by a glass (now largely devitrified) of variable composition (basaltic to rhyolitic). The extreme development of the immiscibility is best represented by a silica-rich (i.e., 70-75 wt.% SiO 2 ) glass decorated with skeletal apatite and pyroxene, and associated Fe-Ti-P-rich globules. The globules represent an original Fe-rich melt that subsequently re-equilibrated to form an Fe-rich pyroxene (hedenbergitic) and Fe-Ti-P-rich phases. The coalescence and mobility of the immiscible melts are reflected by the presence of mafic pegmatites, rhyolitic bands, and vesicle pipes in the basalts. which inspired this study and suggested to us that additional documentation of the petrographic features of the basalts may prove worthwhile! This paper is published with permission of the Director, NSDNR.
